This study was undertaken to measure the potential for broiler carcass contamination with Campylobacter due to exposure of live birds to a contaminated dump cage. Broilers were obtained from commercial growout houses that had been previously identified as Campylobacter positive or negative by culturing feces. Broilers from a Campylobacter-positive house were placed into a new (never used) five-level commercial dump cage and held for 8 h. When broilers from the positive house were removed and processed, broilers from the Campylobacter-negative house were placed into the same openings of the dump cage. Broilers from the negative house remained in the cage, exposed to the feces of the Campylobacter-positive broilers, for 2, 4, or 6 h before being removed and processed. Carcasses from each group were examined for the presence and number of Campylobacter. After 2, 4, and 6 h of exposure to the contaminated dump cage, more than 50% of defeathered carcasses from previously negative broilers had detectable levels of Campylobacter. These data demonstrate that transportation of Campylobacter-negative broilers in a contaminated container can result in carcass contamination with Campylobacter.
DESCRIPTION OF PROBLEM
Campylobacter is a leading cause of human foodborne disease. This microorganism has been epidemiologically linked to poultry and poultry products [1] . Campylobacter can be found associated with many flocks during growout [2, 3] and on the majority of commercially processed broiler carcasses exiting the chill tank [4, 5] . Interestingly, some flocks remain negative for Campylobacter on the farm [3] . However, the carcasses from these negative flocks may be- 1 To whom correspondence should be addressed: mberrang@saa.ars.usda.gov. come cross-contaminated during the course of catching, transporting, or processing [6] .
In a typical commercial operation, broilers on the farm are caught, mechanically or by hand, and placed into dump cages for transport. Filled dump cages are taken to the processing plant, emptied, and put back into service. Soiled dump cages may or may not be cleaned and sanitized between uses. In order to be effective, a cagewashing station must provide for complete removal of fecal matter followed by application of a sanitizer to kill remaining bacteria. The result should be clean, dry, pathogen-free cage surfaces. However, there is some evidence that a coop-washing program may not eliminate Campylobacter from the surfaces of transport containers [7] .
In general, transport tends to increase the numbers of Campylobacter on or within live broilers [2, 8] . Although not always associated with higher microbial populations, feces excreted during caged transport results in visible contamination of broiler feathers and skin [9] . Intestinal contents and feces from a colonized broiler contain high numbers of Campylobacter [10, 11] . Following transport of a positive flock, dump cages would be expected to have a built up layer of feces containing large numbers of Campylobacter. Previously published research suggests that transport cages or crates may be one of the possible sources of Campylobacter available to contaminate previously Campylobacter-free broilers [2, 3, 6, 7] .
However, proving transport dump cages are the source of contamination is often difficult because commercial processing facilities may have other resident populations of Campylobacter available to contaminate carcasses. The objective of this study was to determine if contaminated fecal matter in a dump cage could lead to Campylobacter contamination of the carcasses of previously negative broilers. This objective was approached by exposing Campylobacter-negative broilers to feces left in a dump cage by Campylobacter-positive broilers. Contamination acquired by the live broilers in the dump cage was measured on carcasses following scalding and defeathering in a Campylobacterfree pilot processing facility.
MATERIALS AND METHODS

Broilers
For each of three replications, commercial farms with broilers of approximately 5 wk of age were identified for testing. One house on each farm was sampled for presence of Campylobacter by testing fresh fecal and cecal droppings. A positive house and a comparable negative house on separate farms were used for each replication. Eighty-eight broilers from the Campylobacter-negative house were caught, placed in clean sanitized plastic coops, and transported to a research farm facility. Sixty-six broilers from a Campylobacter-positive house were caught, placed in sanitized plastic coops, and transported to a separate room on the research farm. Within each room on the research farm, broilers were randomly placed in pens at a density of 22 birds per pen (3.7 m 2 ) with access ad libitum to broiler ration (3,200 kcal ME/kg, 19% CP) and tap water. Broilers were kept in experimental pens for approximately 1 wk. At 6 to 7 wk of age, broilers from the Campylobacterpositive house were subjected to 4 h of feed withdrawal with access to water and then placed into a three-column, five-tier commercial transport dump cage [12] prior to processing. Dump cages were constructed with steel; all had folding doors on each compartment and fiberglass flooring. Twenty broilers were placed into each of three compartments of the cage (0.94 m 2 ). In order to prevent cross-contamination, each opening was in a different column and not directly adjacent to another occupied opening. Caged broilers were transported less than 0.5 km and held in the cage for 8 additional h before removal and processing. This delay allowed the Campylobacter-positive birds ample time to soil the solid fiberglass floor of the cage with feces.
Throughout the study, a separate crew of technicians was assigned to handle the broilers from the Campylobacter-negative house. These birds were placed in sanitized plastic coops without feed withdrawal and transported less then 0.5 km to the processing area. After all positive broilers were removed for processing, each soiled compartment of the dump cage was immediately refilled with broilers from the Campylobacter-negative house with 20 broilers per opening. Broilers from the Campylobacter-negative house were allowed to remain in the coop; exposed to the feces of broilers from the Campylobacter-positive house for 2, 4, or 6 h before being removed; and processed.
Negative Control Broilers
On each of three replicate processing days, 10 broilers from the negative house associated with that replication were caught, placed in sanitized plastic coops, transported less than 0.5 km to the pilot plant, and processed as the first birds of the day. These served as the first run negative controls to test the assumption that these birds and the pilot processing plant were free of Campylobacter. After all other processing, another set of broilers from the Campylobacternegative house was processed as the last run negative controls. This was done to determine what, if any, cross-contamination was occurring in the pilot poultry processing plant.
Processing Parameters
Upon removal from the dump cage, all broilers were hung in shackles and stunned in a commercial stunner (14 V pulsed DC, 500 Hz) for 15 s [13] . Birds were killed by hand with a unilateral neck cut and bled for 120 s. Carcasses were scalded 2 min at 52°C [14] and defeathered for 36 s in a single unit commercial picker [15] . Ten defeathered carcasses from each group processed were selected for microbiological examination.
The pilot plant was cleaned and sanitized after every group of birds was processed. The stunner was emptied of brine and washed. All contact surfaces including the shackles, stunner, guards and ramps, picker, and knives were thoroughly sprayed off with 80°C water. Finally, all contact surfaces were thoroughly foamed with a quaternary ammonium sanitizer [16] . The foam was allowed to remain in contact with surfaces for 1 min and then was rinsed with high-pressure tap water.
Farm Sampling
Fecal samples were collected by pressing a sterile Cultureswab [17] into six discrete fecal or cecal droppings sequentially. Six such composite fecal swab samples were collected from each house examined for a total of 36 droppings tested per house. After collection of the fecal matter, the swab was placed onto a sponge soaked with LQ Stuart transport medium [17] in a sterile collection tube and covered with crushed ice until returned to the laboratory within 3 h. At the laboratory, each swab was placed into 9 mL of PBS, and serial dilutions were made from that tube for detection of Campylobacter.
Carcass Sampling
Carcasses were sampled by a sponge wipe on the breast and back. Sponge sampling was done with sterile Speci-Sponge [18] samplers. Each sponge, in a self-contained sample bag, was premoistened with 10 mL sterile PBS and rubbed once over the breast and the back surface of the carcass. Fifty milliliters of PBS was added to each sponge sample bag, and it was subjected to 30 s in a stomacher [19] . In replications 2 and 3, after sponge sampling, each carcass was also examined by whole carcass rinse. Whole carcass rinsing was conducted by placing each carcass into a sterile plastic bag, adding 100 mL sterile PBS, and vigorously shaking by hand for 60 s [20] .
Campylobacter Culture
Serial dilutions from all sample types were made in PBS, and Campylobacter was enumerated by plating in duplicate onto the surface of Campy-cefex agar [21] . One-tenth milliliter was spread on the surface of each plate with a sterile plastic inoculating loop, and plates were incubated at 42°C for 36 to 48 h in a microaerophilic environment (5% O 2 , 10% CO 2 , and balance N 2 ). Colony-forming units characteristic of Campylobacter were counted. An additional 0.1 mL of sample was placed into 1 mL of Campylobacter enrichment broth [22] and incubated in a microaerophilic environment at 37°C for 4 h followed by 42°C for an additional 20 h. An inoculating loop was used to streak a Campy Cefex agar plate from each enrichment sample. When direct plating yielded no Campylobacter, but the enriched sample was positive, a count of 1 cell/0.1 mL was assigned. Every colony type counted as Campylobacter from each sample (direct or enriched) was confirmed as a member of the genus by examination of cellular morphology and motility on a wet mount under phase contrast microscopy. Each colony type was further characterized as a member of the species jejuni, coli, or lari by a positive reaction on a latex agglutination test kit [23] .
Statistical Analysis
Bacterial counts were transformed to log 10 colony-forming units per positive sample. Geometric means were calculated and compared using Student's t-test. Incidence data were compared using a chi-squared test for independence.
RESULTS AND DISCUSSION
In a preliminary study, fully fed broilers from a Campylobacter-positive farm were placed into a new unused dump cage and allowed to remain for 2 h. Campylobacter was detected on only 6 of 10 sponge samples of processed carcasses from the positive flock (mean log 10 2.6 cfu/positive sample). There was no detectable transfer of Campylobacter to negative broilers placed immediately after removal of the positive broilers. Based on this finding, the design of the study was changed to allow more time for the positive broilers to contaminate the cage. In a second preliminary study, full-fed Campylobacter-positive broilers were caged for 8 h (chosen to serve as a worst-case scenario for time spent in a dump cage) to allow adequate build up of excreta. In this second preliminary experiment, the processed carcasses from the positive house were all positive with a mean of log 10 4.4 cfu Campylobacter per sponge sample. However, there was no detectable transfer of Campylobacter to the negative broilers following 2, 4, or 6 h exposure to the feces of positive broilers when sampled by the sponge method.
Therefore, the Campylobacter-positive broilers for the main body of the study were subjected to feed withdrawal to more closely simulate commercial conditions. Positive broilers were then cooped for 8 h to allow adequate contamination of the dump cage and then broilers from the Campylobacter negative house were placed in the same cage.
In the first replication, transfer of Campylobacter to previously negative broilers was detected after 2 and 4 h exposure but not after 6 h (Table 1 ). In this replication only sponge sampling was used. Campylobacter was detected on 4 and 6 out of 10 carcasses after 2 and 4 h exposure, respectively. The numbers detected per sample were just above the limit of detection for sponge sampling. This limit is a function of the amount of diluent used to process the sample. One-tenth of 1 mL is plated on each of two Campy-cefex agar (CCA) plates, therefore the minimum detectable number is 1 cell/0.2 mL. Fifty milliliters of diluent was used in each sponge sample, making the minimum detection level 250 cfu per sponge sample or log 10 2.4 cfu/sponge sample. Sponge sampling has been an effective means to sample carcasses for post defeathering Campylobacter contamination in previous studies when Campylobacter-positive broilers were examined [24] . However, because transfer of small numbers of cells to previously negative broilers was of interest in the current study, a whole carcass rinse sampling method was added for the next two replications in an effort to improve sensitivity.
In replications 2 and 3, the whole carcass rinse method detected Campylobacter in more samples than the sponge method. The whole carcass rinse method allowed detection of Campylobacter from some previously negative birds tested by the sponge method at all exposure times. Even with this sensitive method there was no indication of cross-contamination in the processing plant, as no Campylobacter was recovered from the last run negative controls. Taking into account all replications at each exposure time, the whole carcass rinse method detected Campylobacter on significantly (P < 0.05) [25] more carcasses of previously negative broilers than did the sponge method.
Overall, Campylobacter was detected on the processed carcasses of previously negative broilers following exposure to contaminated feces for 2, 4, or 6 h. It is important to note, however, that broiler carcasses contaminated by exposure to the feces of a positive flock had significantly (P < 0.05) [26] lower numbers of Campylobacter per rinse sample than did carcasses from the positive flock itself.
The gut contents and feces of Campylobacter-positive broilers have been shown to contain high numbers of Campylobacter, in excess of 10 7 cfu/g [8, 11, 27] . Transport and the stress associated with it have been shown to increase the rate of Campylobacter shedding from positive birds [8] . This increased shedding then leads to heavy cage contamination and potential exterior contamination of broilers. Numbers of Campylobacter recovered from the cecae and the surface of Campylobacter positive broilers are higher following transport than at the farm prior to transport [2] . In the current study, broilers held in a cage for only 2 h and then removed did not deposit enough Campylobacter contaminated fecal matter to cause transfer to negative broilers placed in the cage. It may be that more time was needed in this experimental situation because the broilers were not undergoing real transport but were being held static in the cage after a short trip of about 0.5 km to the pilot processing facility. Campylobacter has been found on transport cages, as reported in previous published studies [3, 6, 7] . Slader et al. [7] reported Campylobacter on transport crates may withstand washing procedures, contaminate the next flock, and survive processing on the surface of carcasses. The authors of that study were unable to isolate the cross-contamination events to the transport crates alone because the nature of commercial catching and processing includes many other opportunities for cross-contamination.
The data reported herein, however, support the conclusions of Slader et al. [7] . The current study focuses on feces in dump cages and effectively eliminates other possible sources of cross contamination. The design did not allow direct contact between positive birds and negative birds in the same cage during transport or holding. Based on results from the last run negative control broilers, there was no evidence of Campylobacter contamination in the pilot processing plant. Therefore, these data indicate that the contaminated feces of a Campylobacter-pos-
CONCLUSIONS AND APPLICATIONS
1. If Campylobacter negative broilers are placed in a dump cage that contains fecal matter from a Campylobacter-positive broiler flock, the surface of previously negative broilers can become contaminated with Campylobacter.
itive flock can indeed cause contamination of the outer surfaces of a Campylobacter-negative flock that is placed later into the same uncleaned dump cage. When all sampling methods were taken together, transfer of Campylobacter from a positive flock to a consecutive negative flock by means of a dump cage was demonstrated. After 2 h of exposure to the contaminated feces, previously uncontaminated broilers were positive for Campylobacter. Furthermore, contamination acquired in the dump cage can remain on the carcass after processing, at least through scalding and defeathering. However, this study represents a worst-case scenario whereby the cages were not cleaned in any way and were immediately reused following removal of the Campylobacter-positive birds. Some integrators wash dump cages between uses and some do not. Washing methods currently in use may not be adequate [7] . In fact, wetting fecal contamination without complete removal and sanitation is likely to aggravate the situation by essentially creating a rich growth medium for the bacteria present. Complete removal of all fecal matter during washing requires a great amount of water and time. More research is needed to determine the best means to eliminate dump cage contamination.
2. Campylobacter contamination acquired in the dump cage can remain on the surface of broilers through scalding and picking. 3. An effective means of eliminating cross-contamination due to dump cage reuse is needed.
